Farnesol inhibits tumor growth and enhances the anticancer effects of bortezomib in multiple myeloma xenograft mouse model through the modulation of STAT3 signaling pathway.
Aberrant activation of signal transducer and activator of transcription 3 (STAT3) is frequently observed in multiple myeloma (MM) cancer and can upregulate the expression of several genes involved in proliferation, survival, metastasis, and angiogenesis. The effect of farnesol (FOH) on STAT3 activation, associated protein kinases, its regulated gene products, cellular proliferation, and apoptosis was examined. The in vivo effect of FOH on the growth of human MM xenograft tumors alone and in combination with bortezomib (Bor) in athymic nu/nu female mice was also investigated. We found that FOH suppressed both constitutive and inducible STAT3 activation at Tyr705 in MM cells. The suppression of STAT3 was mediated through the inhibition of activation of upstream JAK1, JAK2, and c-Src kinases. Also, treatment with the protein tyrosine phosphatase (PTP) inhibitor, pervanadate treatment reversed the FOH-induced down-regulation of STAT3, possibly indicating the involvement of a PTP. Indeed, we found that FOH treatment induces the increased expression of SHP-2 protein and knockdown of the SHP-2 gene by small interfering RNA suppressed the ability of FOH to inhibit STAT3 activation. FOH inhibited proliferation and significantly potentiated the apoptotic effects of bortezomib (Bor) in U266 cells. When administered intraperitoneally, FOH enhanced Bor-induced growth suppression of human MM xenograft tumors in athymic nu/nu female mice. Our results suggest that FOH is a novel blocker of STAT3 signaling pathway and exerts both anti-proliferative and apoptotic activities in MM in vitro and in vivo.